Subcooled quasi-pool boiling of water is performed at liquid subcooling of 15K ~ 30K for a flat heating surface of 10mm in diameter in the ultrasonic field. Microbubble emission boiling is generated at higher liquid subcooling than 25K without ultrasonic activation and the heat flux increases higher than the ordinary critical heat flux. At liquid subcooling of 20K in the ultrasonic field, microbubble emission boiling is generated and the heat flux increases as high as the case of high liquid subcooling. The ultrasonic wave accelerates the instability of bubble interface and is strongly effective for heat transfer enhancement with microbubble emission boiling at liquid subcooling of 20K in the experiments.
Introduction
Recently, we can see the splendid development of technology in electronics devices or systems. Especially, the high electric power has been introduced in the integrated electronics systems, which is called power electronics.
In near future, the space facilities will be used for performing many scientific research missions. Here, it is one of the most important problems how to manage the high thermal energy in the power electronics system.
It has been well known that boiling heat transfer transports a large amount of thermal energy by latent heat due to phase change. Generally, nucleate boiling has been used in many cases of thermal engineering. Once the boiling reaches the critical heat flux, CHF, which is the maximum heat flux in nucleate boiling region, the heating surface is covered with coalescing bubbles and the liquid is disturbed to flow into the heating surface. Nucleate boiling turns to film boiling through the surface superheat of transition boiling region and the temperature of the heating surface rises highly and instantaneously. Then, the surface is covered with a thin vapor film in film boiling region. If the temperature reaches the melting point of the surface material, the heating surface is burned out. The burn-out is very dangerous and gives big damages to the structure or electronics components.
In highly subcooled boiling, many microbubbles are emitted from coalescing bubbles on the heating surface in the beginning of transition boiling and the heat flux increases higher than the ordinary critical heat flux． The boiling regime has been called Microbubble Emission Boiling, MEB. Microbubble emission boiling has been studied by Inada S. and his co-workers for subcooled pool boiling of water 1) and by Fujibayashi, A.,et al., Kubo, R. and Kumagai, S.
2) 3) for subcooled flow boiling of water since the beginning of 1980s.
The author has been investigated subcooled flow boiling with microbubble emission in a rectangular channel. The maximum heat flux obtained was about 10MW/m 2 in the subcooled flow boiling of water 4) . According to the previous studies 5) , the liquid subcooling is the most important factor for MEB generation. However, there are still many unknown factors on the mechanism of MEB generation.
As mentioned above, the high heat flux can be transported by MEB. In cooling technology for power electronics, the sufficient safe margin can be kept between the ordinary CHF and the maximum heat flux obtained by MEB. In addition, MEB is one of the energy saving technologies for high heat flux cooling since the liquid-vapor exchange on the heating surface is performed by condensation collapse of boiling bubbles. Therefore, the subcooled flow boiling with microbubble emission is also expected to be effective for the high heat flux transport in the space power system.
In the author's opinion, microbubble emission boiling is considered as a kind of quenching observed in two-phase flow system of subcooled liquid and vapor. At higher liquid subcooling in MEB, the collapse of coalescing bubbles on the heating surface is induced by the instability of bubble interface in the subcooled liquid.
Ueno showed the instability of bubble interface and the bubble collapse in his experiment that single vapor bubble generated into the stagnant subcooled pool from a heated nozzle 6) .
The present study introduces that ultrasonic wave accelerates the instability of bubble interface and promotes the heat transfer enhancement in subcooled pool boiling of water under atmospheric condition.
Microbubble Emission Boiling
In subcooled quasi pool boiling of water with a copper flat heating surface of 10mm in diameter, the bubbles coalesce and grow large on the heating surface, then collapses to many fine bubbles after ordinary critical heat flux condition at liquid subcooling of 40K shown in Fig.1 7) . The heat flux increases higher than the ordinary critical heat flux. Microbubble emission boiling was observed remarkably in subcooled flow boiling.
In subcooled flow boiling of water in a rectangular channel of 17mm in height, 12mm in width and 150mm in length, MEB occurs after ordinary critical heat flux condition at higher liquid subcooling than 20K, and the heat fluxes increases higher than the ordinary critical heat fluxes as shown in Fig.2  5) .Here, the copper smooth heating surface of 10mm × 10mm is placed at the bottom of the channel and the liquid velocity is 0.5m/s. Microbubble emission boiling is unstable at liquid subcooling of 20K and the boiling turns easily to film boiling. The surface temperature rises very highly and instantaneously. If the strong impact stroke to the coalescing bubbles by subcooled jet or acoustic wave, the instability of bubble interface is induced and MEB may be generated at lower liquid subcooling. The large sized cooling surface will be concerned in the application of MEB to an inverter used in a fuel cell vehicle and a compact high power electric plant in near future. However, it is difficult to supply subcooled liquid into the downstream section of heating surface in flow boiling. In the author's experiment, the maximum heat flux of 450~500W/cm 2 was obtained for the flat surface of 50mm in length at liquid subcooling of 40K at the upstream of the surface and liquid velocity of 5m/s in Fig.3  8) . At liquid subcooling of 20K, the downstream of the surface turns to film boiling and the dry-out spreads instantaneously to the entire heating surface. So, it is very important to generate MEB at low liquid subcooling to prevent the surface from the dangerous dryout. 
Experiment
The heating surface of 10mm in diameter is located at the top of the copper block shown in Fig.4 . The heating block consists of a cylindrical part and a trapezoidal base. Cartridge heaters are inserted into the block base. Three K-type sheathed thermocouples of 0.5mm in diameter are fitted along the axis of the cylindrical part with 1mm, 3mm and 5mm apart from the surface. 
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cooling of 20K. In many cases at liquid subcooling of 20K, the boiling turns to film boiling after reaching CHF, however, microbubble emission boiling occurs after ordinary critical heat flux condition and the heat flux increases higher than the critical heat flux in the ultrasonic field in Fig.6 . The maximum heat flux is about 8MW/m 2 as high as those of higher subcooled boiling than 20K. High-speed video pictures on the bubble behaviors are shown in Fig.7 . A large coalescing bubble on the heating surface changes the interface shape and collapses to fine bubbles in the beginning of MEB.
The experimental arrangement is shown in Fig.5 . The heating surface is placed at the bottom of a boiling vessel. Distilled water is used as boiling liquid and maintained predetermined temperature within ±0.5K by a supplemental heater#4, a cooler#1 and a stirrer#2. So the experiment was performed under the quasi-pool condition.
An ultrasonic actuator#3 is placed just overhead of the heating surface at clearance of 7cm. The frequency is 20 ± 3kHz and the maximum amplitude is 40μm at power of 600W. The power of ultrasonic oscillator was 400W and the intensity of ultrasonic wave near the heating surface was not obtained in the experiment. Tested liquid subcooling was 15K, 20K, 25K and 30K under the atmospheric condition. The bubbles on the heating surface is observed by a high-speed video camera#5 at frame rate of 3000 F/s through the transparent window of boiling vessel and recorded by a personal computer.
No effects of ultrasonic wave on boiling have been observed at liquid subcooling of 15K and 25K shown in Figs. 8 and 9 for examples of experimental results. At liquid subcooling of 15K, no effect of ultrasonic wave is observed in nucleate boiling and then the boiling turns to film boiling after reaching CHF point in Fig.8 . The bubble interface is stable at this liquid subcooling even if the ultrasonic wave is applied.
Experimental results and discussion
In the experiments, it has not been observed the effect of irradiation of ultrasonic wave on subcooled boiling with microbubble emission except the case of liquid sub- 
Conclusion
The surface tension may be strong against the temperature difference between bubble and subcooled liquid even under the ultrasonic excitation. It needs to investigate MEB in the further experiment for the different intensity of ultrasonic wave and the different liquid which has lower surface tension.
Subcooled quasi-pool boiling of water has been investigated in ultrasonic field at liquid subcooling of 15K, 20K, 25K and 30K. At lower liquid subcooling than 20K, the heating surface is covered with a large coalescing bubble and the surface temperature rises high instantaneously. Then, the boiling turns to film boiling through transition boiling. In the ultrasonic field, a large coalescing bubble brakes up to many microbubbles and MEB is generated. The heat flux increases as high as highly subcooled boiling with MEB. However, no effect of ultrasonic wave has been observed under the other liquid subcooling in the experiments. The Instability of bubble interface is accelerated at liquid subcooling of 20K by the ultrasonic activation. The ultrasonic wave is considerably effective for the heat transfer enhancement in microbubble emission boiling in a certain range of liquid subcooling.
At liquid subcooling of 25K, the ultrasonic wave gives a little effect on the heat transfer enhancement in nucleate boiling, however no effect is observed in MEB in transition boiling. The microbbuble emission boiling occurs in transition boiling and the heat fluxes increase higher than the critical heat fluxes regardless of ultrasonic wave. It is considered that the condensation effect induced by the temperature difference between the bubble interface controls MEB generation in highly subcooled boiling. Also at subcooling of 30K, no effect of ultrasonic wave was observed.
The ultrasonic activation is strongly effective for the heat transfer enhancement in microbubble emission boiling at liquid subcooling of about 20K in the experiments.
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